Background: Perceived control has been associated with improved mental health and health-related quality of life (HRQOL) in cardiac populations. However, this concept has not been well-studied in heart transplant groups. Aims: We examine the relationship of perceived control to symptoms of anxiety and depression and HRQOL after transplant. We also examine the extent to which anxiety and depressive symptoms mediate the relationship between perceived control and HRQOL. Methods: Our cross-sectional analysis included 113 adult heart transplant patients from the NEW HEART study. High versus low perceived control groups were determined by median split for chi-square and t-test analyses. Hierarchical multiple linear regression models were used to examine the influence of perceived control on symptoms of depression and anxiety and HRQOL. Mediation analyses included Baron and Kenny's four-step regression approach and Preacher and Hayes' bootstrapping technique to test the indirect effect of perceived control on HRQOL. Results: Heart transplant patients who reported lower perceived control were more likely to be female (p=0.003), and had significantly more depressive symptoms (p<0.001) and anxiety (p<0.001), and lower HRQOL (p<0.001) than those with higher perceived control. Perceived control was a significant predictor in regression models of depressive and anxiety symptoms and HRQOL. In mediation analyses, depressive and anxiety symptoms mediated the effect of perceived control on HRQOL. Conclusion: Perceived control is associated with improved depressive and anxiety symptoms and HRQOL after transplant. The relationship between perceived control and HRQOL is mediated by depressive and anxiety symptoms. Future interventions should target perceived control to improve overall HRQOL.
Introduction
Although health-related quality of life (HRQOL) is generally high after heart transplant, it rarely equals that of healthy individuals. [1] [2] [3] [4] Early after transplantation, adaptation to complex medical regimes and psychological incorporation of the transplant experience can lead to initial distress. 5, 6 Psychological symptoms of depression and anxiety after transplant are common and persistent. From 26% to 63% of heart transplant recipients reported symptoms of depression in the first three years after transplant. 7, 8 These symptoms are associated with reduced HRQOL and are believed to influence non-adherence -all of which may increase the risk of mortality and morbidity in longterm post-transplant years. 1, 9 Perceived control is the belief that one's actions will affect health outcomes. 10 In the context of social cognitive theory, it can be thought of as a combination of mastery and self-efficacy. 11 In another framework, social learning theory, perceived control can be loosely defined as "people's perceptions of how much control they have over situations in their lives." 12 While definitions differ, it has been widely studied in elderly patients and patients with chronic diseases. 11, 13, 14 In particular, perceived control is believed to play a vital role in determining adaptation to cardiac disease and psychosocial recovery. 15 In heart failure patients, higher perceived control is associated with lower symptoms of depression and anxiety and higher HRQOL, particularly in women. 16, 17 However, the relationship of these variables has not been explored in heart transplant patients in the first year after transplantation. This study aims to examine the relationship of perceived control to psychological status (anxiety and depressive symptoms) and HRQOL (both cardiac-specific and general) in the first six months after transplantation. We also examine the extent to which symptoms of anxiety and depression mediate the relationship between perceived control and HRQOL.
Methods

Design and data collection
The NEW HEART (Novel Evaluation With Home Electrocardiogram And Remote Transmission) study is a multi-center, prospective cohort study of remote QT interval monitoring to predict acute allograft rejection in heart transplant patients. Its methods have previously been described. 18 For this report, we used a cross-sectional design. Briefly, heart transplant recipients were recruited from three transplant centers between September 2011 and October 2014. Patients were recruited within eight weeks of transplantation. Inclusion criteria included ≥ 18 years of age, clinically stable at time of enrollment, and not enrolled in any conflicting research studies. They completed psychosocial questionnaires measuring perceived control, depressive symptoms, anxiety symptoms, and HRQOL during the first six months post-transplant. Institutional review boards at all sites reviewed and approved the study protocol. The investigation conforms to the principles outlined in the Declaration of Helsinki.
Instruments
Perceived control was measured using the Cardiac Attitudes Scale -Revised (CAS-R). It is an eight-item scale with scores ranging from 8 to 40; higher scores indicate higher feelings of control. 10 Cronbach's α values for the CAS-R in the cardiac population range from 0.72 to 0.76. 10 In our sample, Cronbach's α was 0.86. Depressive symptoms were measured using the Patient Health Questionnaire-9 (PHQ-9). This is a widely used nine-item questionnaire that measures the frequency of depressive symptoms corresponding to the Diagnostic and statistical manual of mental disorders criteria for depression. 19 Scores range from 0 to 27; higher scores indicate worse depressive symptoms. A score of 10 or greater is indicative of moderate to severe depressive symptoms. In our sample, Cronbach's α was 0.84.
The anxiety subscale of the Brief Symptom Inventory (BSI) was used to measure anxiety symptoms. 20 Each item of the six-item questionnaire is rated on a five-point scale, with higher scores indicative of higher anxiety symptoms. The scores from each item are summed and averaged to create a total score ranging from 0 to 4. A score of ≥ 0.36 indicates clinically significant anxiety. The BSI has been used in related cardiac populations, 21 and has demonstrated strong internal consistency (Cronbach's α = 0.87) and criterion validity with the Spielberger Anxiety Index (r = 0.70). 22 Cronbach's α in this study was 0.85.
HRQOL was assessed using two tools to measure both general and cardiac-specific dimensions. First, the RAND 36-Item Health Survey 23 was used to measure general HRQOL (HRQOL-G). This self-report questionnaire assesses eight health concepts: physical functioning, bodily pain, role limitations due to physical condition, role limitations due to personal or emotional problems, emotional well-being, social functioning, energy/fatigue, and general health perceptions. Scores for each of the eight scales are created by averaging the items in each scale. Scores range from 0 to 100; higher scores indicate a more favorable health state. Cronbach's α in this study was 0.93.
To assess cardiac-specific HRQOL (HRQOL-CS), the cardiac-specific Ferrans and Powers' Quality of Life Index (QLI) was used to assess overall life satisfaction and life satisfaction in four domains: health and functioning, socioeconomics, psychological/spiritual, and family. 24 The QLI is a self-report questionnaire that contains two sets of 36 questions to determine both satisfaction and importance on a six-point Likert scale. Scores range from 0 to 30 by weighting satisfaction scores against importance scores for each item. Higher scores indicate higher quality of life. The QLI is well validated with strong convergent validity (r=0.77) and internal consistency (α=0.93). 24, 25 Cronbach's α in this study was 0.85.
Statistical analyses
For comparative analyses using chi-square and t-tests, high versus low perceived control groups were determined by median split. To examine the influence of perceived control on depression, anxiety, and HRQOL, hierarchical multiple linear regression models with simple forced entry were used. Demographic variables were entered in the first block, followed by perceived control.
To test for mediation, we used two methods. First, we used Baron and Kenny's four-step approach in which several regression analyses are conducted and the significance of the coefficients is examined at each step. 26 Then, we used bootstrapping to test the indirect effect of perceived control on HRQOL based on 5000 bootstrap samples. Bootstrapping has gained popularity as one of the more valid and powerful methods for mediation analysis because it does not require a normal distribution of the indirect effect. 27 All analyses were conducted with IBM © SPSS © version 22 and the SPSS © INDIRECT macro provided by Preacher and Hayes. 28 A significance level of 0.05 was used.
Results
Our sample included 113 heart transplant recipients who completed all psychosocial questionnaires. The mean age of patients was 52 ± 13.3 years, with a range of 18-75 years. Patients were predominately male (70%), White (50%), and married or cohabitating (70%). The majority of patients received a mechanical circulatory support device (ventricular assist device, implantable cardioverter-defibrillator, or pacemaker) prior to transplant (73%) and had an ischemic cardiomyopathy heart failure etiology (84%). Overall, 20%
and 49% reported at least moderate symptoms of depression (PHQ-9 ≥10) and anxiety (BSI ≥ 0.36), respectively. About 46% of patients reported low perceived control (CAS-R score < 32). Those with low perceived control were more likely to be female and had higher anxiety and depressive symptoms compared with those with high perceived control ( Table 1) . They also had lower HRQOL scores (cardiac-specific and general) across nearly all of the subscale domains. There were no other differences in demographics, medical history, or comorbidities between groups.
In regression models controlling for demographic variables, lower perceived control was associated with greater depressive and anxiety symptoms and lower HRQOL (Tables 2 and 3 ). The addition of perceived control in each of the regression models increased the explained variance by 27% for depressive symptoms (p<0.001), 24% for anxiety symptoms (p<0.001), 32% for HRQOL-CS (p<0.001), and 24% for HRQOL-G (p<0.001). show the results for both HRQOL-G and HRQOL-CS. In Figure 1 , perceived control was strongly predictive of depressive symptoms (p <0.001) and both HRQOL measures (p <0.001). In addition, depressive symptoms were also predictive of both HRQOL measures (p <0.001). The inclusion of depressive symptoms in the full model decreased the significance of perceived control as a predictor of HRQOL (Equation 3B in Figure 1 ). In fact, in the HRQOL-G model, the significance of perceived control dropped from p <0.001 to p = 0.01, suggesting a strong mediation effect. Similarly, perceived control was also strongly predictive of anxiety symptoms (p <0.001) and both HRQOL measures (p <0.001) (Figure 2 ). Anxiety symptoms was also predictive of HRQOL-CS (p <0.001) and HRQOL-G (p <0.001). In the full model (Equation 3B), the inclusion of anxiety decreased the regression coefficient of perceived control from 1.19 to 0.95 in the HRQOL-G model and from 0.43 to 0.29 in the HRQOL-CS model, but the significance level remained high for both. This suggests that anxiety symptoms only partially mediate the effect of perceived control on HRQOL.
Symptoms of depression and anxiety as potential mediators between perceived control and HRQOL
The significance of the mediation effect was confirmed with the results from bootstrapping (Table 4 ). In the model with depressive symptoms as a mediator, the indirect effect of perceived control on HRQOL-G and HRQOL-CS was 0.58 (bias corrected 95% confidence interval (CI) = 0.31 to 0.95) and 0.21 (bias corrected 95% CI = 0.12 to 0.34), respectively. In the anxiety models, the indirect effect was 0.24 (bias corrected 95% CI = 0.02 to 0.52) for HRQOL-G. For HRQOL-CS, the indirect effect was 0.14 (bias corrected 95% CI = 0.07 to 0.23). Since the confidence intervals do not include zero, both depressive and anxiety symptoms appear to mediate the effect of perceived control on HRQOL. Similar to the Baron and Kinney model, the bootstrapping model indicates that the mediating effects of depressive symptoms are greater than the mediating effects of anxiety. For example, in the HRQOL-G models, depressive symptoms explain 45% of the total mediating effect while anxiety explains only 18% (Table 4) . Table 5 shows the results of a multiple mediation analysis with both depressive and anxiety symptoms in the model. For both HRQOL measures, it appears that when both anxiety and depression are considered together, only depressive symptoms mediate the relationship of perceived control to HRQOL, since only the 95% CI for depressive symptoms excludes zero. Examination of the pairwise contrast of the indirect effect shows that for HRQOL-G, the indirect effect of perceived control through depressive symptoms is larger than through anxiety (bias corrected 95% CI = 0.28 to 1.70). However, for HRQOL-CS, the indirect effect of perceived control through depressive and anxiety symptoms cannot be distinguished in terms of magnitude since the 95% CI contains zero (-0.05 to 0.34).
Discussion
This report provides new evidence regarding the importance of perceived control and its relationship to symptoms of both depression and anxiety early after heart transplantation. Despite a relatively robust body of literature regarding psychological outcomes in the context of heart transplantation, 1, [29] [30] [31] [32] few studies have focused on perceived control in this population. Our findings that perceived control is highly predictive of both depressive and anxiety symptoms early after heart transplant are unique and are consistent with reports of other cardiac populations, including those with ischemic heart disease, 33 implantable cardioverter defibrillator, 34 and heart failure. 10, 16 Our findings support and inform previous evidence regarding the relationship of depressive and anxiety symptoms to HRQOL in heart transplant recipients. Consistent with other investigators, we found that early after transplantation: 1) mental distress, specifically symptoms of depression and anxiety, are associated with decreased HRQOL, 29 and 2) symptoms of depression and anxiety and low perceived control are more severe in women than in men. 35 Decreased HRQOL has been associated with lower perceived control and higher depressive and anxiety symptoms after heart transplantation. 17 Our report is the first to examine these relationships using a robust mediational analysis. We found that both depressive and anxiety symptoms mediate the relationship of perceived control to HRQOL in early post-heart transplant recipients. These findings support those reported in the related population of heart failure patients, in whom similar relationships among perceived control, depressive symptoms, and HRQOL have been reported. 34, 36 Similar findings were also found in coronary artery bypass patients, in whom lower personal control is associated with lower HRQOL and higher depressive symptoms. 33, 37 In heart failure patients, correlations of lower HRQOL and lower perceived control with higher levels of depressive and anxiety symptoms occur in the context of the continued cardiac pathology and dysfunction. 38, 39 In contrast, early post-heart transplant recipients experience dramatic improvements in survival, functional status, and HRQOL. 40 While early post-heart transplant recipients often experience short-term postoperative symptoms, usually pain and fatigue, 41 they face a unique transition from living with heart failure to living with a new heart. This paradigm shift may be associated with new or worsening symptoms of depression and anxiety over time, as new heart transplant recipients face mastery of a complex medication and surveillance regime, and changing expectations of family and friends. 29, [42] [43] [44] Even in those who may have had positive perceived control regarding management of their heart failure symptoms, the new posttransplant paradigm may alter their perceived control over their cardiac health. Longitudinal studies may identify other relationships that influence perceived control after heart transplant. Further study is warranted to evaluate the best times to measure perceived control after heart transplant and to design and test interventions targeting perceived control because it mediates symptoms of anxiety and depression, which, in turn, influence HRQOL. Such interventions may include nurse-supported cognitive behavioral therapy, nurse coaching to guide patients in monitoring of symptoms of rejection and/or infection, and support of family caregivers.
Our study has several limitations. First, this is a crosssectional study, so we are unable to evaluate changes in our variables of interest. Second, by their nature, our measures rely on participant self-report. However, to support the objectivity of self-report data, we have used instruments that have strong evidence of validity and reliability. Third, it must be recognized that a low number of females undergo heart transplantation. Perceived control may differ by gender. Finally, our sample was drawn from three national transplant centers, but may not be representative of all heart transplant recipients. However, the median age of adult heart transplant recipients is 55 years and 75% of recipients are male, 45 which closely matches our sample.
Conclusion
This report provides important new evidence that perceived control plays a key role in HRQOL early after heart transplant by mediating the impact of common psychological symptoms. Further, these findings indicate that the key to assisting early heart transplant recipients to achieve optimal HRQOL is to focus on their perceived control over their heart health. Health care professionals should consider assessing perceived control early and at regular intervals after heart transplant as indicated by the patient's condition. Future studies should investigate the optimal timing for evaluating perceived control after heart transplant. Further study is needed to target and test interventions in larger, more diverse heart transplant populations to improve perceived control in patients early after transplantation, with the goal of achieving and maintaining positive HRQOL.
Implications for practice
• • Low perceived control is associated with anxiety and depressive symptoms. • • Low perceived control is associated with lower quality of life. • • Anxiety and depressive symptoms mediate the effect of perceived control on quality of life.
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